Introduction
============

About 450,000 cases of esophageal cancer (EC) are diagnosed each year globally, and among whom, \>400,000 die from EC.[@b1-ott-11-5777] EC can be divided into esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC).[@b2-ott-11-5777] People's Republic of China is one of the countries showing a high incidence of EC, accounting for 50% cases worldwide.[@b3-ott-11-5777],[@b4-ott-11-5777] The 5-year survival rate of early EC is \>90%.[@b5-ott-11-5777] However, \>70% has turned to advanced stage when diagnosed.[@b6-ott-11-5777],[@b7-ott-11-5777] Studies show that adjuvant chemotherapy, radiotherapy, and endoscopic treatments elongate the 5-year survival rate marginally,[@b8-ott-11-5777] significantly decreasing to 30%--40%.[@b5-ott-11-5777]

The early stage diagnosis of EC is essential in prolonging the survival time of EC patients. However, due to the lack of appropriate screening technologies, most of them are at very late stage, leading to losing the best treatment period and causing poor prognosis. Although gastroscopy and pathological examination are effective, the aggressive, expensive and low-acceptance rate markedly hinders their applicability. Hence, seeking for high-sensitive and specific biomarkers can be beneficial for early stage EC diagnosis. It has been reported that the diagnosis sensitivity of squamous cell carcinoma antigen (SCC-Ag) is 8%--37% for EC and 32%--45% for cytokeratin 19 fragment (Cyfra 21-1), while their combinatorial diagnosis sensitivity is 50%.[@b9-ott-11-5777],[@b10-ott-11-5777] Unfortunately, Cyfra 21-1 and SCC-Ag can only apply to diagnose the stage II patients but not the early stage.[@b11-ott-11-5777] Cheng et al[@b12-ott-11-5777] had found that phenylalanine, 4-hydroxyphenyllactic acid, 3,4-two hydroxyphenylalanine and 3,4-two hydroxyphenylacetic acid can be used as diagnostic biomarkers for ESCC. Jin et al[@b13-ott-11-5777] demonstrated that the combined detection of three serum metabolites valine, γ-aminobutyric acid and pyrrole-2-carboxylic acid has a high diagnostic value in ESCC metastasis. The calculation of canine urinary ammonia, 5-hydroxytryptophan, 5-hydroxyindole-3-acetic acid, 5-hydroxytryptamine and the ratio of their tryptophan may be screened from healthy people for ESCC and metastatic ESCC patients.[@b14-ott-11-5777] To date, there is no specific marker for ESCC.

Proteome has been promising in quantifying and qualifying cancer cells from normal cells.[@b15-ott-11-5777],[@b16-ott-11-5777] It is because the groups of proteins and their expression levels altered in the serum,[@b17-ott-11-5777] which further reflects the progress of the tumor to a certain extent. Hence, detecting and distinguishing the differentially expressed proteins in tissues or serum can be beneficial to diagnose EC.[@b18-ott-11-5777]--[@b20-ott-11-5777]

Obtaining the whole proteome of serum/tissues is straightforward, such as bi-directional gel electrophoresis, mass spectrometric identification and protein chip. Among them, protein chip is a high-throughput, multi-targeted and high-sensitive technology for protein detection. This technique has been successfully used to identify the key factors of some diseases, screen the markers of cancers and determine the drug targets.[@b21-ott-11-5777]--[@b26-ott-11-5777] It has been reported that the AAH-BLG-507 protein chip has the capacity to simultaneously detect 507 human proteins including angiogenic factors, inflammatory factors, growth factors, cell adhesion molecules, soluble receptors and chemokines.

To our knowledge, few studies exist diagnosing the early stage ESCC via proteomics approach. In this study, we adopted the AAH-BLG-507 protein chip provided by Ray Biotech (Norcross, GA, USA) to screen the proteins contained in the serum of ESCC samples and those from the normal ones. We aimed at discovering protein markers for the diagnosis of early stage ESCC.

Materials and methods
=====================

Sample preparation
------------------

Ten cases of patients, including five males and five females, were randomly selected from the patients suffering from early esophageal cancer (the tumor group) from August 2016 to June 2017 from Taihe Hospital. The normal samples (the control group) were collected from the biometrics center of the same hospital during the same period. The average age of the cancer group and the normal group was 57.90±2.10 and 58.90±2.60 years, respectively. Statistical analysis showed no significant difference between the two groups ([Table 1](#t1-ott-11-5777){ref-type="table"}).

All ESCC samples have been confirmed by pathological examination after endoscopic mucosal dissection (ESD) or surgery; TNM staging was T~is~ or T~1~N~0~M~0~ (UICC2002). Criteria of exclusion: the impact caused by other tumors, autoimmune diseases and acute or chronic infections was excluded, such as liver cancer, kidney cancer and endocrine diseases.

The healthy control group's selection criteria were as follows: no history of malignancy or family history of cancer, no significant organ dysfunction and matched age, gender and residence with those of ESCC patients. The exclusion criteria were as follows: systemic or local acute and chronic infections and liver, kidney, endocrine metabolism and autoimmune disease history, combined with other organ diseases or malignant tumor.

The study has been approved by the ethics committee of Taihe Hospital. All patients included in this study provided written informed consent.

Software and database
---------------------

Software and database are given in [Table 2](#t2-ott-11-5777){ref-type="table"}.

Methods
=======

Collection of serum samples
---------------------------

A total of 3 mL of fasting venous blood was drawn in the morning. After sitting at room temperature for 1 hour, it was centrifuged for 15 minutes at 8,000 r/min under 4°C. The supernatant was dispensed into eppendorf tubes at 100 µL per tube. The tubes were then numbered and stored in a −80°C freezer.

### Determination of protein expression level

According to the standard operating procedures of AAH-BLG-507 protein chip kit (RayBiotech), 20 µL of the serum was taken from each tube and undergone six steps to obtain the protein expression level. These steps were dialysis, biotin labeling, secondary dialysis, chip closure, sample hybridization and washing and centrifugation. Later, the expression levels were obtained by using the fluorescence scanning (GenePix 4000B, Axon Instruments, Inc, Foster City, CA, USA) followed by the built-in data transformation tool. The values were presented as mean values rounded to the nearest integer.

### Bioinformatics analysis

#### Analysis based on Gene Ontology (GO)

The differentially expressed proteins were loaded into the DAVID 6.7 online server to annotate their functionality under the maximum false discovery rate of 0.05. The involved biological processes and signaling pathways of these proteins were also obtained. The detailed experimental parameters were set as follows -- "analysis type": "functional annotation", "data type": "gene list" and "output data": "functional annotation chart". Functional annotations of differentially expressed proteins were used to reveal the biological processes involved.

#### Protein network construction

String database was used to analyze the interactions of the differentially expressed proteins. Parameters were set as follows: "analysis of category selection": "multiple names", "species": "*Homo sapiens*" and "reliability": "high confidence (0.7)". The software and databases used for the study are given in [Table 2](#t2-ott-11-5777){ref-type="table"}.

### Cross-reference validation

#### Reference retrieval

PubMed, Embase and Cochrane library were considered for retrieving EC-related publications before December 2017. The key words used for retrieval were: "differences in protein", "esophageal cancer" and "esophageal carcinoma".

#### Inclusion criteria

The study was performed on serum, cancer or cancer cell lines, and the pathology was confirmed as esophageal cancer.

#### Exclusive criteria

Duplicate results or repeated publication, animal research, summary, systematic reviews, letters from readers, etc. were excluded from the study.

### Validation by ELISA

A total of 30 cases were randomly selected from the early stage cancer group and the control group according to the previous criteria. These samples were tested by the instructions of the ELISA kit (Abcam, Cambridge, UK). The OD of each sample was read at the wavelength of 450 nm. The standard curve was calculated, and the corresponding concentration at each OD was calculated. Then, the levels of IL-6 and IL-8 of the serum were determined.

### Statistical analyses

The *t*-test module from the SPSS 19.0 (IBM Corporation, Armonk, NY, USA) was used to analyze the statistical significance of the protein expression levels. A differential expression was considered as statistically significant if the unpaired *t*-test *P*-value was no larger than 0.05.

Results
-------

### Protein chip test results

The protein chip scanning results are shown in [Figures 1A and B](#f1-ott-11-5777){ref-type="fig"} and [2](#f2-ott-11-5777){ref-type="fig"}. The results indicate that 13 proteins were differentially expressed, including AXL, artemin (ARTN), angiopoietin-2 (Ang2), brain-derived neurotrophic factor (BDNF), bone morphogenetic protein7 (BMP7), cripto-1 (CR-1/teratocarcinoma-derived growth factor 1 (TDGF-1)), CCL28, E-selectin, interleukin-6 (IL-6), interleukin-8 (IL-8), sonic Hedgehog (SHH), matrix metalloproteinase 8 (MMP-8) and thrombos-pondin-1 (TSP1). The protein expression levels of MMP-8 and TSP1 were downregulated, while those of the rest of proteins were upregulated ([Table 3](#t3-ott-11-5777){ref-type="table"}). There was no significant difference in the expression of various proteins in esophageal precancerous lesions (*P*\>0.05, fold change\<1.50, data not shown).

Bioinformatics analysis results
-------------------------------

### GO analysis results

According to the GO analysis, the 13 differentially expressed proteins were involved in seven biological processes, including cell communication, cell proliferation, signal transduction, angiogenesis, cell migration, reaction to external stimuli and phosphorylation ([Table 4](#t4-ott-11-5777){ref-type="table"}).

### KEGG pathway analysis

The differential expressed proteins were loaded into the online analysis software of String. The results showed that there were direct or indirect interactions among 12 proteins except TDGF-1 (CR-1; [Figure 3](#f3-ott-11-5777){ref-type="fig"}). KEGG pathway analysis revealed that these proteins were involved in three signaling pathways: TGFβ signaling pathway, chemokine signaling pathway and cytokine--cytokine receptor interaction.

### ELISA validation

The result of ELISA analysis showed that the concentration of IL-6 in the early cancer group was significantly higher than that in the control group (18.13±2.54 ng/mL vs 7.87±1.25 ng/mL, *P*\<0.01). Similarly, the concentration of IL-8 in the serum of the early cancer group was significantly higher than that in healthy controls (84.92±3.06 ng/mL vs 55.83±8.01 ng/mL, *P*\<0.01; [Table 5](#t5-ott-11-5777){ref-type="table"}). The results were in line with those obtained from the protein chip analysis ([Figure 4A and B](#f4-ott-11-5777){ref-type="fig"}).

Discussion
==========

In this study, the L series protein chip AAH-BLG-507 provided by RayBiotech was used to compute the expression levels of 507 target proteins collected from the serum of ten randomly selected patients having early stage ESCC and ten normal samples. Based on the screening criteria of *P*-value\<0.05 and fold change\>1.50, 13 proteins were identified showing significant differential expression levels. Among them, eleven were upregulated, which were AXL, ARTN, Ang2, BDNF, BMP7, CR-1, CCL28, E-selectin, IL-6, IL-8 and SHH. The rest two TSP1 and MMP-8 were downregulated. The same resident population was selected as the testing object in this study. Besides, the sampling conditions, sample processing and detection technology were the same, eliminating the influence of other factors. Therefore, the test results were considered as authentic and credible. Database was searched to retrieve all the information of esophageal cancer to assess the validity of the identified differential in proteins. Following is the details of the identified differentially expressed proteins that are associated with ESCC.

AXL
---

AXL is a receptor tyrosine kinase belonging to the TAM receptor family. It promotes the growth of xenografts of various human cancers. In addition, AXL expression can activate AKT, ERK and NF-κB pathways to induce cancer cells to target drug resistance.[@b27-ott-11-5777] AXL was up-regulated in malignant tumors, such as, lung cancer, prostate cancer, breast cancer and pancreatic cancer. Thus, it can be used as a therapeutic target.[@b28-ott-11-5777]

AXL overexpression occurs in \>50% of EAC.[@b29-ott-11-5777] Hsieh et al[@b30-ott-11-5777] found that AXL expression was enhanced in 80% of ESCC and was significantly associated with EC progression (*P*\<0.001), distant metastasis (*P*\<0.05) and AXL-positive patients with increased risk of death (*P*\<0.028). Paccez et al[@b31-ott-11-5777] confirmed that AXL was expressed in EC cell lines and cancer tissues, especially in advanced-stage patients. Blocking AXL expression can inhibit the survival, proliferation, migration and invasion of cancer cells and tumor growth of tumor tissue in vivo. This indicates that AXL shows a clear role in ESCC tumor and has potential therapeutic significance.

ARTN
----

ARTN belongs to the glial cell-derived neurotrophic factor (GDNF) family of ligands (GFL), together with GDNF, neurturin and persephin. ARTN plays an important role in tumor growth, migration, adhesion and invasion. Its expression is increased in a variety of human tumors.[@b32-ott-11-5777],[@b33-ott-11-5777] Li et al[@b34-ott-11-5777] detected the expression of ARTN in EC cell lines KYSE-150, KYSE-510, EC9706 and TE13 and tissues and corresponding paracancerous tissues using Western blot. The results showed that the expression of ARTN in cancer tissues was high in paracancerous tissues; they were differentially expressed in various cell lines (KYSE-150\>KYSE-510, TE13\>EC9706). In Chen et al,[@b35-ott-11-5777] the expression of ARTN in ESCC was significantly higher than that in normal tissues (*P*\<0.05). Immunohistochemical results showed that the positive expression rates of ARTN protein in normal esophageal mucosa, high-grade intraepithelial neoplasia, carcinoma in situ and ESCC were 0% (0/25), 23.5% (6/17) and 80.7% (94/114), respectively. The difference was statistically significant (*P*\<0.01).

Ang2
----

Loges et al[@b36-ott-11-5777] detected 54 cases of primary EC (ECA: ESCC=19:35) with a positive serum Ang2 positive rate of 100%. Compared with patients with cancer AEG in esophageal gastric junction, Ang2 expression was higher in ESCC patients.[@b37-ott-11-5777] Zhou et al[@b38-ott-11-5777] examined 91 cases of normal tissues, 44 cases of esophagitis, 85 cases of esophageal hyperplasia, 13 cases of early ESCC and 28 patients with advanced ESCC Ang2 expression level in serum. The results showed that the expression of Ang2 in the early ESCC group was significantly higher than that in other groups (*P*=0.009). The diagnostic sensitivity of early and advanced-stage ESCC was 23.1% and 78.6%, respectively, suggesting that serum Ang2 levels were involved with ESCC occurrence and development. However, unfortunately Ang2 cannot be used for screening of early ESCC.

BDNF
----

BDNF can promote the survival and differentiation of the central and peripheral nervous system cells. It has been found in the heart, lungs, platelets, lymphocytes and lacrimal glands.[@b39-ott-11-5777] BDNF polymorphisms are associated with an increased esophageal sensitivity to experimental electrical stimulation, and BDNF genotypes may be the useful biomarkers of electrical sensitivity in healthy human esophageal tubes.[@b40-ott-11-5777] BDNF can significantly promote the proliferation and migration of esophageal cancer cell line ECa9706.[@b41-ott-11-5777] Xu et al[@b42-ott-11-5777] reported that the expression of nerve growth factor (NGF) and BDNF was upregulated in esophageal cancer cell line EC109.

BMP7
----

BMP is a signal molecule secreted by the growth factor TGFβ superfamily. BMP7 was expressed in the cytoplasm of esophageal carcinoma cells. The positive rate was 61.7%. Compared with BMP7 negative ESCC patients, BMP7 positive patients had deeper tumor progression (*P*\<0.001), later stage (*P*\<0.005), more severe venous invasion (*P*\<0.005) and worse prognosis (*P*\<0.0005). Multivariate analysis showed that BMP7 was one of the independent prognostic factors of ESCC (*P*\<0.05), which might be a good prognostic indicator for ESCC patients.[@b43-ott-11-5777]

CCL28
-----

The genetic profiles of ECA tumors after neoadjuvant chemoradiotherapy that demonstrated a pathologic complete response were significantly different from those of typical no-or-incomplete response. Gene CCL28 was overexpressed in pathologic complete response patients, and it could be a potential predictor of treatment response.[@b44-ott-11-5777] Lysyl oxidase-like 2 (LOXL2), a member of the lysyl oxidase family, plays an important role in the biosynthesis and tumor development of extracellular matrix protein; wild-type LOXL2 (LOXL2Δ72) significantly promotes esophageal squamous cells by upregulating CCL28 cancer ESCC cell migration.[@b45-ott-11-5777]

CR-1
----

CR-1 is a glycoprotein linked to glycosylphosphatidylinositol (GPI) on the cell surface. It belongs to the epidermal growth factor EGF-CFC protein family. CR-1 maintains pluripotency of embryonic stem cells and is critical for early embryonic development. It is expressed in cancer stem cell (CSC) populations and promotes epithelial--mesenchymal transition (EMT), which significantly enhances tumor cell migration, invasion and angiogenesis.[@b46-ott-11-5777] The expression of CR-1 in esophagus tissues of Luo et al[@b47-ott-11-5777] was significantly higher than that in normal esophageal mucosa tissues (86.7% vs 16.7%, respectively, *P*\<0.05). Lymph node metastasis and distant metastasis were significantly higher than those in negative ones (*P*\<0.05). In ESCC cells, inhibit CR-1 gene expression can decrease the stem cells and EMT, tumorigenicity and thus affect the body and the body's ability to transfer. The expression of CR-1 in ESCC tissues was positively correlated with TNM stage, depth of invasion and lymph node metastasis. CR-1 is an independent prognostic indicator of ESCC and a potential therapeutic target for ESCC.[@b48-ott-11-5777]

MMP-8
-----

MMP-8 belongs to the collagenase subfamily of MMPs, also known as collagenase-2 or neutrophil collagenase. It is predominantly a neutrophil product but is also expressed in fibroblasts, endothelial cells, keratinocytes, epithelial cells, chondrocytes, macrophages and plasma cells.[@b49-ott-11-5777] In tongue squamous cell carcinoma, the expression of MMP-8 was positively correlated with the increase in the survival rate.[@b50-ott-11-5777] The level of MMP-8 in breast cancer was positively correlated with lymph node metastasis and negatively correlated with the risk of distant metastasis. It suggested that MMP-8 protein levels were in contrary between blood and tissue. When blood proteins were isolated in tissue, the level of MMP-8 in the blood was low and the level of blood was higher after secretion, and MMP-8 in breast cancers may metastasize to lymph nodes, which showed a protective effect.[@b51-ott-11-5777] Wang et al[@b52-ott-11-5777] detected the expression of MMP-8 protein in 15 cases of ESCC and paired distant cancer tissues, showing an increasing trend from T~1~ to T~4~ stage and no significant difference between different lymph node metastasis groups.

E-selectin
----------

E-selectin is associated with blood metastasis in tumor patients. Preoperative serum soluble E-selectin is a risk factor for postoperative hematogenous recurrence, and it is a prognostic factor for ESCC.[@b53-ott-11-5777]

SHH
---

The Hedgehog signal (Hedgehog signaling) is activated in glioma, neuroblastoma, basal cell carcinoma, lung cancer, esophageal cancer, gastric cancer, pancreatic cancer, breast cancer and other tumors. Tumors are triggered by epigenetic or genetic alterations, leading to over-positive feedback or negative feedback of the Hedgehog signaling pathway.[@b54-ott-11-5777] PI3K/AKT and MAPK signals interact with the SHH signaling pathway to promote esophageal cancer cell survival and proliferation.[@b55-ott-11-5777] Barrett's esophagus is a precancerous lesion of EAC. It was found that NO promoted the expression of reduced squamous cell phenotype, and Hh signaling pathway mediated the columnar cell phenotype gene expression. Inhibition of esophageal NO production or Hh signals may prevent Barrett's esophagus.[@b56-ott-11-5777] Ma et al[@b57-ott-11-5777] reported that in 22 cases of primary EC, 14 patients showed increased Hh target gene expression. Hh signal activation was not related to tumor subtype, staging or differentiation. The expression of Hh signaling pathway and its target genes was fairly common in esophageal cancer.

Mori et al[@b58-ott-11-5777] tested the expression of Hh signaling pathway in 34 human ESCC cells. The results showed that 34 patients with SHH protein expressed 100%. Cyclopamine, a specific inhibitor of Hh pathway, can significantly inhibit the differentiation, proliferation and migration of ESCC cells, suggesting that the Hh pathway may be a new research target for the treatment of esophageal cancer. Sims-Mourtada et al[@b59-ott-11-5777] found that blocking the Hh signal enhanced the cytotoxicity of esophageal cancer cells, and the activation of the Hh pathway could promote the regeneration of tumor after chemoradiotherapy and facilitate the chemotherapy of esophageal cancer.

TSP1
----

TSP1 is an extracellular matrix glycoprotein that can affect cell adhesion, exercise and growth. Oshiba et al[@b10-ott-11-5777] suggested that the positive rate of TSP1 in stage T~3~ ESCC was significantly higher than that in stage T~1~ (70.6% vs 26.9%, respectively, *P*\<0.001). Lymph node metastasis and venous metastasis were significantly enhanced in TSP1-positive ESCC at 71.4% and 80.0%, respectively, suggesting that increased expression of TSP1 plays an important role in the growth and metastasis of ESCC. As the malignant degree increased, the expression of TSP1 increased. However, Tzeng et al[@b60-ott-11-5777] found that low ESCC patients with Rab37 or TSP1 expression were significantly associated with poor prognosis. Multivariate Cox regression analysis showed that a low expression of both Rab37 and TSP1 was an independent prognostic factor in ESCC patients. The two conclusions are inconsistent.

In this study, the expression level of TSP1 in the normal control group was 1.8 times as high as that in the early stage cancer group, which was in agreement with the results of Tzeng et al.[@b60-ott-11-5777] Possible reasons for this phenomenon are listed as follows. 1) The testing object was different. Particular geographic distribution of disease patterns and different areas of the population present different genetic backgrounds, health and food intake habits and diverse protein components. Previous reports on the proteomic study of esophageal cancer in high-incidence area (Henan, People's Republic of China) and low-incidence area (Beijing, People's Republic of China) were different.[@b61-ott-11-5777],[@b62-ott-11-5777] 2) Different detection methods may affect results. Magnetic bead-based matrix-assisted laser desorption/ionization time-of-flight mass spectrometry technology was used by Jia et al[@b63-ott-11-5777] is a commonly used method of proteomics analysis. However, due to the cumbersome operation and high experimental conditions, it is not conducive and highly applicable. AAH-BLG-507 protein chip used in this study showed a high sensitivity and simple operation procedures. However, the cost is relatively high.

IL-6
----

IL-6 is a kind of cytokine with extensive biological function, which plays an important role in regulating inflammatory response and immune response. Studies have shown that IL-6 is closely associated with tumors. 1) IL-6 activates phosphatidylinositol 3-kinase (PI3K/Akt) and JAK/STAT3 pathways to inhibit the pro-apoptotic protein TGFβ.[@b64-ott-11-5777] On the one hand, it can also induce the expression of p21 and Bcl-2 to play an anti-apoptotic effect.[@b65-ott-11-5777],[@b66-ott-11-5777] 2) IL-6 can directly affect the expression of angiogenic factors such as VEGF and promote angiogenesis.[@b67-ott-11-5777] 3) IL-6 may play an important role in tumor invasion and extracellular matrix differentiation by recruiting cytokines such as MMPs.[@b68-ott-11-5777]

IL-6 may be an important inducement of esophageal cancer angiogenesis and endothelial cell formation. The ESCC cells can produce IL-6 and IL-6 receptors, and the IL-6 concentration in cancer cells is significantly higher than that in normal epithelial cells.[@b69-ott-11-5777] IL-6 mRNA is in high expression in ESCC tissues (*P*\<0.01). IL-6 protein was significantly higher than that of nontumor tissues (*P*\<0.01).[@b70-ott-11-5777] The expression of IL-6 was positively correlated with distant metastasis (*P*=0.0003) and low therapeutic response rate (*P*=0.0001). Inhibition of IL-6 expression, invasion and radiation resistance of cancer cells can also restrain.[@b71-ott-11-5777]

Elevated IL-6 levels are associated with poor tumor progression and poor prognosis in patients with ESCC. Patients with IL-6-positive tumors have significantly shorter overall survival than IL-6-negative patients.[@b72-ott-11-5777] The overall survival and progression-free survival of patients with a high IL-6 expression in ESCC receiving cisplatin was significantly poorer.[@b73-ott-11-5777] IL-6 expression may serve as a predictor of cisplatin-based resistance to esophageal cancer.[@b74-ott-11-5777] Elevated levels of IL-6 in ESCC patients were expected to respond poorly to preoperative chemoradiation.[@b75-ott-11-5777] Targeted inhibition of IL-6 may be an effective strategy for the treatment of esophageal cancer.[@b76-ott-11-5777],[@b77-ott-11-5777]

IL-8
----

IL-8 is a member of the chemotactic cytokine CXC family, which inhibits apoptosis and promotes tumor cell growth. IL-8 is involved in the immunosuppression of tumors through the promotion of neutrophil and marrow. Myeloid-derived suppressor cells (MDSCs) accumulate in the tumor microenvironment, leading to immune escape of tumor cells.[@b78-ott-11-5777] There are differences in the expression of IL-8 in cancer patients, which can be used as the clinical stage, prognosis and disease monitoring indicators of esophageal cancer. Tang et al[@b79-ott-11-5777] reported that IL-8 levels in early and advanced esophageal cancer tissues were significantly higher than those in normal esophageal tissues (*P*\<0.05). Esophageal cancer in advanced esophageal cancer was significantly higher than that in early esophageal cancer (*P*\<0.01). There were differences in IL-8 expression in cancer patients, which can be used as clinical staging, prognosis and disease monitoring indicators of esophageal cancer. Consistent with the findings of Chen et al,[@b80-ott-11-5777] Kitadai et al[@b81-ott-11-5777] reported that IL-8 was not expressed in esophageal atypical hyperplasia and mucosal carcinomas but was expressed in advanced squamous cell carcinomas. Krzystek-Korpacka et al[@b82-ott-11-5777] found that IL-8 was associated with tumor size and spread of ESCC patients, especially lymph node metastasis. IL-8 expression increase can significantly enhance the ability of ESCC cell invasion and migration.[@b83-ott-11-5777]

In the present study, the expression of IL-6 and IL-8 in early ESCC was upregulated, which was similar to previous studies. It also suggested that the serum could be an effective test indicator for early diagnosis of ESCC. Although the expression levels of 11 proteins in the current experiment are significantly different from those in the normal control group, the diagnostic value of early ESCC needs to be further explored due to the lack of expression of related proteins in advanced EC.

ELISA was selected to verify the differential proteins, indicating that IL-6 and IL-8 were significantly upregulated in the serum of early cancer patients, which is in agreement with the results of protein chips. It confirmed the reliability of protein chip results. IL-6 and IL-8 proteins are expected to be used in early stage of ESCC diagnosis. However, tumor markers for the diagnosis of esophageal cancer only served as a screening role. Tumor markers detected by the suspicious population further confirmed by endoscopy is a more feasible strategy.
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![(**A**) Protein chip scan of the tumor group (from three representative patients). (**B**) Protein chip scan of the control group (from three representative people).](ott-11-5777Fig1){#f1-ott-11-5777}

![The differential protein expression of the cancer group and the control group.\
**Abbreviations:** T, cancer group; C, control group.](ott-11-5777Fig2){#f2-ott-11-5777}

![The interaction of differential protein.\
**Notes:** Each node represents a protein, the name is marked at the top right of the node, and different lines represent different functional associations between proteins and proteins. The red line indicates that the fusion evidence exists between the two, the green line indicates that there is a common adjacent protein, the blue line indicates that there is evidence of the presence of both, the purple line represents the laboratory data support, the yellow line represents evidence from literature searches to demonstrate associations between proteins, the blue line indicates the presence of a corresponding correlation in different databases and the black line indicates that the co-expression of evidence exists.](ott-11-5777Fig3){#f3-ott-11-5777}

![The expression of IL-6 (**A**) and IL-8 (**B**) protein was verified by ELISA.](ott-11-5777Fig4){#f4-ott-11-5777}

###### 

General clinical data of two groups

  Group           No       Gender   Age (years)    TNM
  --------------- -------- -------- -------------- -------
  Tumor group     03       Male     56             T~is~
  18              Male     59       T~is~          
  12              Male     58       T~is~          
  15              Male     61       T~1~N~0~M~0~   
  13              Male     55       T~is~          
  08              Female   55       T~is~          
  14              Female   57       T~is~          
  09              Female   58       T~is~          
  12              Female   60       T~is~          
  04              Female   60       T~1~N~0~M~0~   
  Control group   02       Male     55             --
  05              Male     59       --             
  14              Male     60       --             
  01              Male     54       --             
  10              Male     61       --             
  09              Female   62       --             
  03              Female   59       --             
  14              Female   60       --             
  05              Female   58       --             
  12              Female   61       --             

###### 

Software and database required for the test

  Name of software                     Company/website                                          Application
  ------------------------------------ -------------------------------------------------------- -------------------------------------------------------
  GenePix Pro 6.0                      Axon Instruments ([www.axon.com](http://www.axon.com))   Chip scanning analysis software
  NCBI Protein database                <http://www.ncbi.nlm.nih.gov/>                           Retrieval of basic protein-related information
  DAVID Bioinformatics Resources 6.7   <https://david.ncifcrf.gov/>                             Online software for gene function enrichment analysis
  String database                      <http://string-db.org/>                                  Analysis of protein interaction
  Cluster 3.0                          Intel Corporation                                        Cluster analysis of multiple microarray data groups
  Java TreeView                        <http://jtreeview.sourceforge.net/>                      Visual display of clustering analysis results

###### 

Summary of the differentially expressed proteins between the two groups

  Differential proteins   Tumor group          Control group        *t*      *P*-value   FC
  ----------------------- -------------------- -------------------- -------- ----------- -------
  AXL                     11,250.93±1,210.11   6,233.23±570.68      11.86    \<0.01      1.80
  ARTN                    15,549.25±2,122.76   4,529.10±992.63      14.87    \<0.01      3.43
  Ang2                    21,107.42±1,434.93   12,170.75±973.24     16.31    \<0.01      1.73
  BMP7                    12,091.91±782.90     6,520.23±285.57      21.14    \<0.01      1.85
  BDNF                    20,547.36±1,159.44   12,690.83±1,158.33   14.76    \<0.01      1.62
  CCL28                   10,834.92±1,377.83   5,881.67±399.78      10.87    \<0.01      1.84
  CR-1                    1,024.13±144.00      114.52±14.22         19.88    \<0.01      8.98
  E-selectin              33,712.89±1,540.37   19,187.80±394.66     27.49    \<0.01      1.76
  IL-6                    8,025.53±643.28      5,260.61±287.99      11.87    \<0.01      1.53
  IL-8                    14,340.10±450.08     9,538.51±249.30      29.51    \<0.01      1.51
  MMP-8                   7,416.76±956.49      15,588.92±1,669.35   −13.29   \<0.01      −2.07
  TSP1                    7,935.50±807.15      14,553.21±1,128.03   −15.09   \<0.01      −1.83
  SHH                     1,371.10±106.37      226.11±18.60         33.47    \<0.01      6.07

**Note:** The protein expression level is downregulated when fold change (FC) is negative.

###### 

GO analysis results

  Term                                                  C   *P*-value
  ----------------------------------------------------- --- -----------
  Cell motion                                           6   2.0E--05
  Negative regulation of cell proliferation             5   1.4E--04
  Angiogenesis                                          4   2.0E--04
  Blood vessel morphogenesis                            4   5.6E--04
  Regulation of cell proliferation                      6   8.7E--04
  Inflammatory response                                 4   9.3E--04
  Cell migration                                        4   1.2E--03
  Cell motility                                         4   2.7E--03
  Positive regulation of phosphorylation                3   1.7E--03
  Regulation of cell proliferation                      5   2.7E--03
  Positive regulation of locomotion                     3   2.7E--03
  Positive regulation of phosphate metabolic process    3   2.8E--03
  Regulation of cell adhesion                           3   5.3E--03
  Behavior                                              5   5.5E--03
  Regulation of response to external stimulus           3   7.0E--03
  Chemotaxis                                            3   7.1E--03
  Positive regulation of protein modification process   4   7.8E--03

**Abbreviations:** C, count; GO, Gene Ontology.

###### 

IL-6 and IL-8 expression levels in two groups

  Protein   ESCC (tumor), ng/mL   Healthy control, ng/mL   *t*     *P*-value
  --------- --------------------- ------------------------ ------- -----------
  IL-6      18.13±2.54            7.87±1.25                19.84   \<0.01
  IL-8      84.92±3.06            55.83±8.01               18.58   \<0.01

**Abbreviation:** ESCC, esophageal squamous cell carcinoma.
